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Abstract 
Due to the ubiquitous nature of technology and its rapid and constant evolution, possessing skills associated with specific 
computer applications is not sufficient any more. To prosper in the information age, it is now necessary to acquire deeper 
understanding, to acquire fluency (National Research Council, 1999). Acquiring technological fluency involves comprehending 
how and why information technology systems work as they do. Furthermore, being technologically fluent implies having an 
understanding of technology as more than just a tool to get a job done; it implies seeing it as a malleable medium to express one’s 
own ideas. This study investigated how members at an after-school center learned to use a media-rich programming environment 
to design and program digital projects such as games, stories, and animations. Participants in the study were youth (ages 11 and 
12) taking part in the center’s summer program. The research procedures involved informal open-ended interviews with 
participants, participants’ responses to a reflection activity, and an analysis of programming projects developed by participants. 
Findings showed that throughout the workshop, the participating youth not only felt motivated to engage in their computer 
programming projects but also developed their technological fluency while expressing themselves. 
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1. Introduction 
Due to the ubiquitous nature of technology and its rapid and constant evolution, possessing skills associated 
with specific computer applications is not sufficient any more. To prosper in the information age, it is now necessary 
to acquire deeper understanding, to acquire fluency (National Research Council, 1999). Acquiring technological 
fluency involves comprehending how and why information technology systems work as they do. Furthermore, being 
technologically fluent implies having an understanding of technology as more than just a tool to get a job done; it 
implies seeing it as a malleable medium to express one’s own ideas.  
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An activity that has been proposed as suitable for the development of technological fluency is the design and 
creation of computer programs (e.g., Campe, Werner, & Denner, 2005). However, traditionally, computer 
programming has been seen as an esoteric and complex activity (Turkle, 2005). Furthermore, until recently, there 
was the general belief that programming knowledge was only relevant for some students. Hence, currently, access to 
educational activities that involve the creation of computer programs is limited for youth.  
The present study follows in the growing recognition that after-school centers can play an important role in 
youths’ development of technological fluency (Resnick, Rusk, & Cook, 1996). This being especially relevant in 
communities where schools might have few technological resources or are able to support only the most basic 
computer activities (such as word processing and Web browsing). After-school centers not only provide safe and 
supported learning environments for youth but also allow them to focus on projects based on their own interests.  
1.1 Technological fluency 
A fundamental premise behind the concept of technological fluency is the fact that technology is pervasive and 
constantly and rapidly changing. Hence an individual needs to understand technology broadly so that he/she is able 
to “apply it productively at work and their everyday lives, to recognize when information technology would assist or 
impede the achievement of a goal, and to continually adapt to the changes in and advancement of information 
technology” (National Research Council, 1999, p.5).
As framed by the National Research Council, technological fluency involves three distinct but interrelated 
dimensions: intellectual capabilities, conceptual knowledge, and an appropriate skill set (see Figure 1). Intellectual 
capabilities are higher order thinking skills formulated in the context of information technology. Conceptual 
knowledge refers to the basic ideas and concepts underpinning information technology. An appropriate skill set 
includes those technological skills needed to use today’s computer applications. 
It is important to understand that technological fluency is not an end state but rather a lifelong endeavor. 
Moreover, technological fluency will typically involve particular applications in particular domains. Yet it is still 
possible and desirable to provide students with a foundation that includes the three types of knowledge and on which 
they can continue to build on. 
Intellectual Capabilities Technology Concepts Technology Skills 
Engage in sustained reasoning Computers Set up a computer 
  
Manage complexity Information systems Connect a computer to a network 
  
Test a solution Networks Use a word processor 
  
Manage problems in faulty solutions Digital representation of information Use the Internet to find information and resources 
  
Think about technology abstractly Algorithmic thinking and programming Use basic operating system functions 
  
Collaborate Modeling and abstraction Use a computer to communicate 
  
Communicate to other audiences Information organization Use a graphics package 
  
Expect the unexpected Universality Use a spreadsheet 
  
Anticipate changing technologies Limitations of technology Use a database system to set up and access information 
  
Organize and navigate information structures 
and evaluate information Societal impact of technology 
Use instructional materials to learn how to use new 
applications or features 
Table 1.  Technological Fluency Components (National Research Council, 1999, p. 4)
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2. Methods 
The after-school program where this study took place is located in Venice, California, U.S. Membership at the 
after-school program is open to boys and girls 6 to 18 years of age. Members of the after-school program can choose 
to participate in diverse activities such as sports, arts and crafts, health and life skills, education and career 
development. Regular after-school program hours are from 2:00 p.m. to 7:00 p.m. During the summer months (June 
– August), however, the program is open from 7:30 a.m. to 6:00 p.m. and the youth follow a 10-week pre-set 
schedule of activities which includes time in the computer lab. The present study took place during the summer of 
2008. 
The participants in the study were 20 youth, 11 and 12 years old (9 boys, 11 girls). During the summer time, 
members are free to join and leave the program at any time. The 20 participants in this study attended all 10 weeks. 
During the 10 weeks of the summer program, the 20 participants took part in a programming workshop, twice a 
week, which lasted approximately one and a half hours. Throughout the workshop, the participating youth engaged 
in several pre-planned activities as well as free activities. Throughout the workshop, the participating youth were 
free to work in pairs or by themselves. During the last five sessions of the workshop, the participating youth 
engaged in the design and creation of their final project. The majority chose to work by themselves in their final 
projects but some of them worked in pairs. 
Scratch, the programming environment the youth used in the workshop, was designed specifically to introduce 
programming to youth at after-school centers. Its development was guided by its creators’ experience on what 
software tools have succeeded at several after-school centers. Its features were chosen specifically to address 
problems commonly encountered by youth being introduced to programming (Maloney, Burd, Kafai, Rusk, 
Silverman, & Resnick, 2004). 
The data for this study were collected through interviews with the participating youth, a reflection activity at the 
end of each session of the workshop, and an analysis of the final programming projects developed by the 
participating youth. The interviews occurred before the workshop started and provided a picture of the youth as a 
group and their personal opinions about computers and programming. The reflection activity was intended to 
capture the youths’ reactions to the workshop’s sessions and consisted of three prompts: “Today I learned…”, 
“Today I like…”, and “Today I did not like…”. Analysis of the final Scratch projects occurred at the end of the 
study and served as an objective measure of the youth’s acquisition of programming knowledge and skills. In 
particular, the analysis of the programming projects included a descriptive aspect (i.e., pair/independent, theme, and 
duration) and an evaluative aspect (i.e., number of backgrounds and characters, average number of scripts per 
character, average number of instructions per script, and types of instructions). 
3. Results 
3.1. Youths’ uses and notions of computers and programming 
All of the youth thought that computers were cool and fun. The majority reported using computers to play 
games and going online. All of the youth reported having a computer at home; two-thirds of the youth said it was in 
a common area while one third said it was in their bedroom. The majority of the youth reported sharing the 
computer with family members. Other places where the youth reported using a computer were, the afterschool 
program, relatives’ houses, the public library, and their school. Half of the youth reported using a computer every 
day while half reported using it between two and three times a week. The majority of the youth reported having 
internet access at home. Other places where youth used the internet were, the afterschool program, a relative’s 
house, the public library, a friend’s house, and at school. 
Only two of the youth had taken a computer class in the past, most of the youth reported learning how to use a 
computer from family members and friends. Although most youth also reported they would be taking a typing class 
when they started 7th grade. All of the youth considered both boys and girls should know about computers and 
commented people would be using them more and more both at school and at work. When asked what they would 
like to be when they grew up, most of the youth knew what they wanted to be but none mentioned working with 
computers as more than just a tool that helped them do their jobs better. When asked, specifically, if they would like 
to work with computers, most mentioned jobs they have seen other people do such as, work at a computer lab, work 
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fixing computers, and teach how to use the Internet. When asked if they knew what computer programming was, 
two thirds of the youth did not know and the rest had a vague idea it had something to do with computer programs. 
3.2. Youths’ reactions to the programming workshop 
Overall, the youths’ reactions to the workshop were positive. In regards to what they liked about the workshop, 
the youths’ responses included positive comments about the programming environment and the workshop as well as 
their participation in the workshop. In particular, the features of the programming environment they most liked 
were, being able to make their own backgrounds or edit the ones provided with the environment; having a wide 
variety of characters to choose from and being able to edit how the characters looked, and being able to make the 
characters in their projects move, talk and change how they looked (e.g., a small fish becomes a shark).  
In regards to the workshop, the youths reported they liked making the animations and games. In particular they 
liked having the freedom to come up with their own stories and choose their own characters. However, the youths 
also reported they liked the different learning activities they engaged in during the workshop (e.g., creating an 
animation based on an assigned story). Finally, the youths commented they liked having the opportunity to learn 
more about computers. Interestingly, the youths reported not liking that it took a lot of effort and time to finish their 
projects. However, they also reported they liked seeing their effort pay off when they saw that their projects were 
better after they worked hard on them.  
In regards to learning, overall the youths reported learning how to make a game or animation and that making 
animations or games is hard but fun. In particular, they reported learning to use the programming environment to 
create backgrounds, sprites and costumes. Furthermore, the majority reported they learned how to make their 
characters move, talk, and change looks. A few reported learning how to implement more complex actions such as 
making their characters jump and have a conversation, and making their background do “the flashing effect” (i.e., 
making their backgrounds change colors repeatedly and quickly). 
3.3 Youths’ personal programming projects 
Only 15 of the 20 youths who participated in the study completed a final project (8 boys, 7 girls). This might 
have to do with the level of attendance that the youths had. The 15 youths who completed the project attended more 
than 50 percent of the workshop’s sessions. In total, 10 final programming projects were available for analysis; five 
of the projects were produced by youths working in pairs, while the rest were produced by youths working 
individually. Of the 10 projects, four depicted an event related to the youths’ lives and had a duration of 15 to 60 
seconds, three were animations with no specific time period, and three were games.  
On average the youths’ programming projects had three different backgrounds and five different characters. In 
addition, on average, the youths created two scripts for each of the characters in their projects; each script consisted 
on average of eight different instructions. Finally, all of the youths mainly made their characters move, from one 
location to another, talk, and change how they looked. This reflects the youths’ answers when they reported they 
liked making their characters move, speak, and change the way they looked, as well as the youths’ answers in 
regards to what specific actions they had learned to make their characters perform. 
4. Discussion 
Technology is an important component of youths’ lives. A 2005 study by the Kaiser Family Foundations found 
that on average youth in the U.S. spend about 6 ½ hours a day using digital media. Through their international 
research project on children and media which included the countries of Spain, Brazil, South Africa, Norway and 
India, Casas, Mjaavatn, Nayar, Rizzini, September, Figuer, González and Malo (2007) found that middle class 
adolescents between 12 and 16 years old invest many hours in media-related activities. In addition Lenhart, Madden, 
and Hitlin (2005) found that the activities in which U.S. youth engage with digital media are many and varied (e.g., 
looking for information on the Internet, playing video and computer games, listening to music, text messaging, etc.). 
Casas et al. found similar results. However, the majority of these activities place the youth in the role of consumer as 
opposed to creator. Yet, researchers argue that if youth are to become truly fluent with technology, they need to 
engage with it as creators (National Research Council, 1999). Becoming technologically fluent will benefit youth 
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not only in the short-term, as schools increasingly incorporate technology into education, but also in the long-range. 
Increasingly, having the ability to access, adapt and create new knowledge using new information and 
communication technology is critical for social inclusion and economic development (Warschauer, 2003) 
However access to activities that allow youth to engage with technology as creators is very limited. For example, 
in the past, schools in the U. S., would offer some programming classes teaching languages such as Basic, Logo or 
Pascal. Currently, for a number of reasons, schools are increasingly feeling pressured to remove courses that do not 
fulfill graduation requirements and/or are not directly assessed in accountability measures. This study shows an 
alternate approach to increasing access for students to activities that allow them to develop their technological 
fluency. Afterschool programs are promising places to investigate because of their ability to provide youth with safe 
and supported environments to work on projects based on their own interests. In addition, although the majority of 
youth have access to a home computer and a home internet connection, there still exists a gap in the nature and 
quality of this access between young people of different races and different socio-economic groups (Casas et al., 
2007; Lenhart et al., 2005 Rideout et al., 2005). 
The data from this study showed that youth are not only receptive to the idea of having an opportunity to learn 
more about computers but, moreover, relished having the opportunity to engage with technology in a creator’s role. 
In addition, the data from this study showed how the new media tools involved in the programming environment 
motivated engagement in computer programming and helped youth develop technological fluency while sharing 
their digital projects and interests with other youth. More research is needed on the tools and activities that allow 
and motivate youth to become more technologically fluent. Furthermore, more research is needed on how, 
opportunities, like the one offered to the youth participating in this study, can be sustained after their initial 
implementation. With a better understanding of how educational activities that allow youth to be creators with 
technology are adopted and transformed within after-school programs and other educational contexts, there is the 
potential of creating new opportunities for youth to become technologically fluent.  
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